Summary Tecomella undulata (common name Rohida) is a species of monotypic genus in Bignoniaceae found growing in arid regions of the world. Plant is known for its ornamental and medicinal use. The plant is a small or medium sized tree bearing flowers in three different colors and is presently included in the category of endangered plants in India. Three morphotypes based on flower color have been recognized in it i.e., red flowered Rohida (RFR), orange flowered Rohida (OFR) and yellow flowered Rohida (YFR). The plants were investigated cytogenetically and at a molecular level to detect the variability. Cytological investigation showed that all the plants possess the chromosome number of n=18 irrespective of the morphotype studied with high pollen fertility. The molecular diversity studies were carried through a random amplification of polymorphic DNA (RAPD) analysis. Amplification of genomic DNA of ten accessions of T. undulata using six RAPD primers yielded 87 fragments out of which 75 were polymorphic. The RAPD bands obtained from six primers were finally used to infer genetic distance between the morphotypes. OFR accessions had higher genetic diversity with the Nei s expected heterozygosity (h)=0.266, Shannon s information index (I)=0.388 and percentage polymorphism of 62.52%. The present study concludes that though the plant showed same chromosome number, intraspecific variability exists in T. undulata that has a molecular genetic basis. The genetic information can be used for proper conservation of the plant besides being used as a tool to select plants for breeding purpose.
Tecomella is a monotypic genus of the arid zone region in India (Kumawat et al. 2012, Rohilla and Garg 2014) . It is widely distributed in Rajasthan, Maharashtra, Gujarat, Punjab and Haryana regions of India and Sind and Waziristan regions of Pakistan (Bhandari 1978 , Nadkarni 2000 , Negi et al. 2011 Seem is a medicinally and economically valuable plant. Besides curative properties of its bark and leaves, its wood is hard, heavy and very durable making it an excellent high value timber. Due to its overexploitation and poor natural regeneration, the species has been included in the category of endangered plants in India (Khan 1997 , Bhau et al. 2007 , Tripathi et al. 2011 .
T. undulata is small to medium sized tree with simple, subopposite, oblong leaves having undulating margins. The inflorescence is few flowered cymes, arranged in a racemose manner. Three morphotypes have been reported in this tree based on flower color i.e., YFR, OFR and RFR (Bamber 1916 , Bhandari 1978 , Sharma and Bir 1978 , Negi et al. 2011 . ORF could be a hybrid was suggested by Negi et al. (2011) on the basis of heterosis, wide adaptability, distribution and SDS-page analysis of seed proteins of the three morphotypes but little is known about the genetic characterization of these trees. The somatic chromosome number in T. undulata has also been the topic of debate for long. Information on the levels and distribution of genetic diversity is crucial for the characterization of a plant. Molecular characterization is significantly important for rare and endangered plant species for their conservation and management (Schaal et al. 1991) .
Several parameters are available to study variability among organisms. Scientists of today are in favor of taxonomic studies integrated with DNA studies that are better evidence for species identification and to recognize inter-and intra-variability existing in them. RAPD markers have been used for genetic variability testing in a large number of plants. As such present investigation was undertaken to find genetic distance among accessions of three morphotypes of T. undulata collected from various sites of Punjab based on RAPD markers. The perusal of literature revealed that information regarding genetic diversity in populations of the species growing in Punjab is lacking. We aimed to study genetic variability of declining and surviving populations of T. undulata from Punjab on cytogenetic as well as a molecular basis.
Materials and methods
The present investigation was carried out in ten accessions pertaining to three morphotypes of T. undulata (one YFR, three RFRs and six OFRs) collected from various localities of Punjab (Table 1 , Fig. 1A ) comprising two cultivated and eight wild plants. The voucher specimen of each worked out accession was deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN).
Cytogenetics studies were carried out from young floral buds fixed in Carnoy s fixative for 24 h and then stored in rectified spirit till further use. A meiotic study was carried out from freshly prepared slides of young anthers squashed in 2% acetocarmine. Pollen fertility was studied through a standard glycerol acetocarmine method. Photomicrographs of the freshly prepared slides were taken using a Nikon Eclipse 80i microscope.
DNA for the molecular studies was isolated from 100 mg of fresh leaves using liquid nitrogen and a DNA isolation kit (Himedia). Extracted DNA was stored at 20 C in elution buffer (Himedia). A set of 25 plant RAPD primers procured from GeNei was used to evaluate genetic diversity. Six primers namely RPI 12, RPI 15, RPI 16, RPI 18, RPI 23 and RPI 25 were selected for final analysis in T. undulata as these produced RAPD bands in all the accessions being used. The reaction mixture of 30 µL was prepared using the standard procedure. The RAPD-PCR for molecular analysis was carried as a standard protocol with annealing temperature kept at 50 C with 44 cycles run. The PCR products obtained for RAPD were separated by electrophoresis using 1.5% agarose gel. The gel was loaded with 12 µL PCR product mixed with 2 µL of 6 bromophenol blue and electro- phoresis was performed at gradient run of 10 V between 40 V and 80 V for 5 h with time 1 h for each voltage for proper separation of bands. A 100 bp DNA ladder (Himedia) and a medium range ruler (Genei) were used to determine the size of the amplified DNA. The gel was viewed and photographed under an UV transilluminator by a Bio-Rad Gel Doc XR gel documentation system. Each amplified DNA band was treated as independent locus as suggested by Lynch and Milligan (1994) . The data obtained from scoring of bands in the form of the binary matrix was further used to estimate genetic similarity based upon a number of shared amplified bands among different accessions of the three morphotypes. A NTSYS-PC Software (version 2.11, Applied Biostatistics Inc.) was used for estimation of similarities among the accessions using SIMQUAL mode of NTSYS. Clustering was done by employing UPGMA. The genetic diversity parameters were calculated using PopGen32 software (version 1.31, Microsoft).
Results
The chromosome number of T. undulata was determined in meiotic cells (Fig. 1) . All worked out accessions uniformly showed pollen mother cells (PMCs) with chromosomes of n=18. Pollen fertility of these accessions was between 95.13-99.24% with the average of 97.84 1.18% (Table 1, Fig. 1 ). The size of pollen was in the range of 32.94 32.48 µm to 36.39 35.91 µm except for one accession (T02), where the size of pollen observed was 40.79 40.11 µm with no difference in the chromosome number (Table 1) .
Amplification of genomic DNA of ten accessions using six RAPD primers yielded 87 fragments out of which 75 were polymorphic. The details of polymorphic bands obtained in each accession are as given in Table  2 . On an average, it showed 86.20% polymorphic bands. Three primers i.e., RPI-12, RPI-18, and RPI-20 with maximum polymorphism produced above 90% polymorphic bands but the primers RPI-16 and RPI-23 were able to discriminate the YFR and RFR into two groups (Table 3) .
The RAPD based parameters of genetic diversity as a percentage of polymorphic fragments (PPF), Nei s expected heterozygosity (h) and Shannon s information index (I) among accessions of three morphotypes were calculated using PopGene 32 software. The genetic diversity was different in all the morphotypes. The Nei s expected heterozygosity (h), Shannon s information index (I) and PPF of all the accessions were 0.302, 0.455 and 85.06%, respectively (Table 4) . OFR accessions had higher genetic diversity (h= 0.266, I= 0.388, PPF= 62.52%) than the RFR. These values were not available for YFR due to the analysis of single accession.
RAPD based cluster analysis of different accessions was carried. The two groups with the similarity of 61% have been formed by ten accessions used for RAPD analysis. The two groups, one minor group with three accessions and other major groups with seven accessions indicated that these groups are genetically distinct (Fig.  2) . Within the minor group, there are two subgroups. The subgroups share 63% similarity and consist of one (7) 10 (6) 13 (12) 9 (8) 12 (10) 60 (48) 80.00 T04 6 (5) 10 (7) 13 (9) 8 (7) 10 (9) 10 (8) 57 (45) 78.95 T38 2 (1) 12 (9) 10 (6) 11 (10) 8 (7) 7 (5) 50 (38) 76.00 T02 4 (3) 10 (7) 10 (6) 9 (8) 1 (0) 2 (0) 36 (24) 66.67 T06 6 (5) 5 (2) 11 (7) 8 (7) 3 (2) 9 (7) 42 (30) 71.43 T10 3 (2) 9 (6) 8 (4) 11 (10) 4 (3) 2 (0) 37 (25) 67.57 T11 7 (6) 10 (7) 10 (6) 5 (4) 8 (7) 12 (10) 52 (40) 76.92 T21 5 (4) 7 (4) 11 (7) 6 (5) 6 (5) 6 (4) 41 (29) 70.73 T37 2 (1) 7 (4) 12 (8) 11 (10) 8 (7) 7 (5) 47 (35) 74.47 subgroup of single YFR (T09) and other subgroups of two OFR (T10 and T02) with the similarity coefficient of 76%. The other major group consisted of mixed OFR and RFR accessions and consisted of 6 subgroups. Within this, one subgroup has only one accession of T01 which shows 65% similarity. The accessions T21 and T06 are markedly similar to each other with the similarity coefficient of 0.84. The RFRs (T01, T04 and T38) are more closely related to one another except for T37 of OFR which is placed in between them. The T06, T21, and T11 of OFRs are also closely placed together.
Discussion
Earlier cytological studies on T. undulata has recorded varied somatic chromosome number is 2n=22 (Shankaranarayan and Nanda 1963) and 2n=32 (Singh 1992) in the plant. Present cytological investigation in T. undulata revealed chromosome number 2n=36 based upon base number x=18 in all the ten plants studied which is in accordance with the previous report of Kumar et al. (2008) . High pollen fertility and absence of any abnormality in male meiosis shows the genetic stability in T. undulata. The revelation is in accordance with the observations of Jindal et al. (1985) , Tripathi and Jaimini (2002) and Kumar et al. (2008) .
The dendrogram (Fig. 3) obtained from RAPD data share separation of RFR and YFR into two groups and presence of OFR in both the groups. Further, it established that considerable genetic variability exists within the species as reported by Bhau et al. (2007) through AFLP. In T. undulata, RAPD markers have been already used in the study of genetic fidelity in micropropagated plants by Kumari and Singh (2014) and Chhajer and Kalia (2016) .
Cytological studies confirm that the plant has same chromosome number of 2n=36. The three morphotypes do not show any type of meiotic variations. RAPD results establish the genetic basis of intraspecific variability prevailing in the plant. This variability could be utilized for the selection of parents to be crossed for generating appropriate progeny which may be useful for genome mapping and breeding purposes. Further, the phylogenetic relationships inferred from the RAPD results of studied accessions supports the intraspecific hybrid nature of OFR to some extent as suggested by Negi et al. (2011) through other molecular markers and populations are needed for conclusive results. The accessions from adjoining regions show alliance that may be the consequences of similar agro climatic conditions or due to seed movement and gene flow. The wide variability detected in the plants can form the basis for designing future conservation strategy for this plant. 
